Evaluation for sensory impairment is a routine part of autism diagnosis. Sensory impairment of hearing, vision, or touch results in developmental delay and must be addressed before delay can resolve. Recent studies confirm that tactile impairment is present in autism and can be effectively treated with a tactile stimulation protocol. The research suggests a change in management at the time of autism diagnosis to include evaluation and treatment of tactile impairment. Here we validate screening and management tool for tactile impairment, the Autism Touch and Self-Regulation Checklist, in 404 typical and autistic preschool children. The tool assesses tactile impairment by location and severity. Autistic children were distinguished by mixed pain and numbness on multiple areas including the face and mouth ( = 412.1(1, 402); < .000). Oral-facial tactile impairment interferes with the tactile stimulus to orienting. We hypothesized that oral-facial tactile impairment and difficulty orienting are predictive of ASD and that severity of tactile impairment is predictive of severity of ASD. Questions evaluating oral-facial and orienting responses correctly predicted 91% of the autism group. Severity of tactile impairment correctly predicted 81% of mild versus severe ASD. Results underscore the importance of evaluating and treating tactile impairment at the time of autism diagnosis.
Introduction
The evaluation for sensory impairment is a routine part of the autism diagnosis. Sensory impairment of hearing, vision, or touch results in developmental delay and must be treated before normal development can resume. The inclusion of sensory problems in the diagnosis of autism in 2013 [1] leads to the recognition that although tactile abnormalities are universal and markedly severe in children with autism, the sense of touch has not been fully evaluated and cannot be presumed to be intact [2] [3] [4] .
Recent studies confirm that tactile impairment is universally present in children with autism and describe a distinguishing clinical presentation characterized by mixed pain and numbness on multiple areas of skin including the face, mouth, hands, and feet [5, 6] . Tactile impairment is severe compared with other developmental disabilities and associated with delay of early self-regulation milestones [5] . The presentation is typical of early-onset sensory neuropathy [7] .
A number of studies report that tactile impairment in children with autism can be reduced with a tactile stimulation protocol stimulating circulation to small sensory nerves in the skin: normalization of tactile symptoms by 50% is reported following five months of daily treatment [8] [9] [10] [11] . Treatment also normalized autistic behavior by one-third and increased social/language development. In 2015, a large study replicated the results and confirmed that treatment was effective in high-and low-functioning children [12] . This was a breakthrough in treatment for autism.
The research suggests a change in management at the time of autism diagnosis to include evaluation and treatment of tactile impairment. To this end, clinicians require screening and management tool for tactile abnormalities that identifies signs of tactile impairment by severity and location and measures response to treatment. Only one such management tool is currently available.
The Autism Touch and Self-Regulation Checklist (ATSC) is a 59-item tool for managing tactile impairment in children with autism (see http://qsti.org/ATSC.pdf). The checklist assesses tactile symptoms by severity and location and seeks confirmation of severity of tactile impairment by simultaneously assessing effects on touch-dependent, early self-regulation milestones (e.g., orientation-attention, selfsoothing, and sleep) [6] . Since its being developed as a research tool, the ATSC has been refined for use by clinicians and is available free of charge at http://qsti.org/ATSC.pdf.
In this paper, we present updated validation data for the ATSC and investigate two hypotheses. The first is that the presence of tactile impairment on the face and mouth is predictive of ASD. We note that tactile impairment of the face and mouth would disrupt tactile stimulation of the orienting reflex and reduce face-to-face orienting and social attention on that basis [13] . The second is that severity of tactile impairment is predictive of severity of autism. We analyze the ASD data pool to determine whether we can distinguish between severely and mildly affected children on that basis.
The research questions are as follows:
(1) Is the Autism Touch and Self-Regulation Checklist a valid instrument for screening for and managing signs of tactile impairment in autism? (2) To what extent do location of tactile signs on the face and mouth and failure to orient correctly identify the children with autism in the group?
To what extent does severity of tactile impairment distinguish between children with severe autism and those with mild autism?
Materials and Methods

Participants.
Data from 404 children aged 24 to 72 months were collected for this study: 199 children with Autism Spectrum Disorder (ASD) and 205 typically developing children. All informants were primary caregivers for the children concerned. Table 1 provides demographic information for each group.
Measures.
Initially the ATSC was organized into individual sensory and self-regulatory domains. The choice of self-regulatory questions reflects disturbances commonly reported by parents in the main self-regulatory milestones in the first 3 years of life: orientation-attention, self-soothing, sleep, digestion, toilet training, and emotional and behavioral self-regulation. The individual items were developed and selected through an iterative process by conducting a review of more than 100 interviews of parents with young autistic children in which parents were asked open-ended questions about their child's sensory and self-regulatory responses to ordinary, daily-life situations. As it became evident from parent interviews that sensory responses to both injurious and noninjurious stimuli were grossly abnormal, we created six sensory subdomains: touch-pain, auditory, visual, tastesmell, hyperreactive to noninjurious stimuli, and hyporeactive to injurious stimuli. The hyperreactive and hyporeactive subdomains do not have their own separate item. The hyperreactive subdomain was drawn from all sensory subdomains, and the hyporeactive subdomain is drawn from the oraltactile subdomain only.
We created an additional category for analysis when we realized that parents were reporting abnormal touch-pain responses in multiple areas of the body, including the face, head, fingers, toes, skin, and diaper area. The ATSC labels touch-pain items by their respective body area; for example, "difficulty with haircuts" is assigned to the head and "difficulty cutting fingernails" is assigned to the fingers. Information regarding the number of areas involved was extracted from the sensory domain and analyzed separately.
Over an initial five-year period, we submitted the ATSC to an ongoing development and refinement process in which items were evaluated for inclusion, exclusion, and clarification of terminology. The ATSC caregiver report is suitable for use by caregivers who have an elementary school education and is available in English, Spanish, Portuguese, and Chinese. The results of this initial validation effort were published previously [6] .
The ATSC has been refined since its initial design eight years ago in three ways. First, items in the oral domain reflecting responses to texture and pressure in the mouth have been moved, and a single oral-tactile domain was created. Second, a toilet training domain was added to assess self-regulation of toilet training, and several items that failed to differentiate between ASD and typical and other developmental delays groups have been deleted. Finally, the original checklist contained 56 items across 10 sensory and self-regulation domains. The revised checklist contains 59 items assessing nine domains. Table 2 lists all ATSC items according to our revised organization by oral-tactile and self-regulatory domain and identifies the additional items related to the sensory domains of vision, hearing, and smell that can be used for clinical purposes if needed. Items are rated never (0), rarely (1), sometimes (2), or often (3). Domain scores are obtained by summing the individual items. Table 2 also shows the prevalence of responses scored sometimes or often across the three groups of children.
Data Collection.
We collected ATSC data on children with autism from several research projects completed over the past seven years with Western Oregon University Institutional Review Board approval. Inclusion criteria for the children with autism were as follows: age less than six years, receiving state-sponsored early childhood special education services for autism, absence of other severe disabilities such as cerebral palsy, and taking no psychotropic medication.
Children with a preexisting autism diagnosis from an autism evaluation center or developmental pediatrician were recruited from six regional autism programs across Oregon. The diagnostic evaluations were reviewed and autism diagnosis was confirmed by DSM-IV criteria prior to final acceptance into the study [14] . All data from these groups were collected prior to random assignment into treatment and control groups associated with specific studies conducted by the authors from 2008 to 2014. We recruited parents of typically developing children to complete the surveys from one child care center, three mother support groups, and one toddler drop-in play center in Oregon. Parents completed the surveys on convenience basis. Inclusionary criteria for the children included the following: ages 3-6; no educational or medical diagnosis of autism; absence of developmental delays (DD) or previous assessment for DD; and absence of chronic medical conditions.
While ages of children in the typically developing and autism groups are similar, gender distribution is highly unequal. Given that the prevalence of Autism Spectrum Disorder is much higher in boys than girls, analyses were conducted to assess whether boys and girls in the typically developing group differed on the ATSC. To determine whether this influences the results, two sets of analyses were conducted. First, analyses were conducted to determine whether there are differences on measures by gender in the typically developing group.
Chi-square analyses were conducted to determine whether the prevalence of abnormal sensory responses differed by boys and girls on oral-tactile, vision, hearing, smell domains and the number of senses involved. Chisquare values ranged from .024 on hearing to 2.47 on oral-tactile domain. Associated values ranged from .877 to .116. Consequently, there does not appear to be a significant difference between boys and girls on the prevalence of sensory issues.
Additionally, ANOVA/MANOVA was conducted comparing boys and girls on the outcome measures presented in Table 5 . No significant differences were found. values ranged from .002 for face-mouth to 2.00 for constipation. Associated values ranged from .960 to .158.
To further test whether the unequal distribution was problematic, the analyses in Table 5 and the ROC curve analyses were replicated comparing only boys from the typically developing and ASD groups. values ranged from 404.1 for face-mouth and orientation and attention to 23.3 for constipation. All values were significant beyond the .000 level. AUC values decrease very little (usually by .001) and sensitivity and specificity scores typically increase by less than .025.
While the distribution in gender was unequal between the typically developing and Autism Spectrum Disorder groups, this did not overly influence the results presented here.
Data Analysis.
To determine the prevalence of oraltactile and self-regulatory symptoms in children with autism and typical development, simple frequency analyses were conducted on each item. The percentage of responses of sometimes or often was computed for each group.
We also investigated the ATSC's ability to discriminate between children with ASD and those typically developing on the basis of the number of senses involved and the number of areas of body involvement by analyzing frequency distributions using 2 analyses and the median test. To determine the prevalence of abnormal sensory responses and self-regulatory delay, we set the criterion as the mean score for typically developing children plus 1 standard deviation [15] . We conducted a parallel analysis on areas of the body affected.
To determine reliability, we calculated internal consistency estimates (Cronbach's alpha) for the total ATSC score, the sensory and self-regulation domain, and the individual subdomains for each population. We also calculated testretest stability on a subsample of children in the control condition over a four-month time interval.
The ATSC's ability to differentiate between children with autism and typically developing children was evaluated with multivariate analysis of variance (MANOVA). In addition, response operator characteristic (ROC) curve analysis was conducted to determine the overall adequacy of the ATSC and various domains and subdomain composite scores as a screening tool for autism and levels of sensitivity and specificity at various cut-off scores.
The above set of analyses was replicated to determine whether the ATSC could effectively differentiate between severe and mild levels of severity of autism, as determined by a composite of measures. The ROC curve analyses were conducted to determine the overall adequacy of the ATSC and various domains and subdomain composite scores as a screening tool for severe versus mild autism and levels of sensitivity and specificity at various cut-off scores.
To create a composite severity of autism score we combined scores from the Pervasive Developmental Disorders Behavior Inventory Parent Version [16] , the Autism Behavior Checklist [17] , the Vineland Adaptive Behavior Scales [18] , the Childhood Autism Rating Scale [19] , and the Preschool Language Scale 5th Edition [20] . This composite score was evaluated to determine where each child performed from mild autism to severe autism. Three groups were identified: severe ( = 43), moderate ( = 86), and mild ( = 49). Language development was determined by total score on the Preschool Language Scale 5th Edition.
Results
Prevalence.
At the item level, results from the ATSC indicate high and widespread prevalence of abnormal tactile and other sensory responses as well as self-regulatory delay in children with autism. As can be seen in Table 2 , oraltactile prevalence is significantly higher than that for typically developing children (on a magnitude of two to four times) for the face and mouth areas. Prevalence patterns vary across the areas of the body, though they generally hold to the same pattern as with the face-mouth areas.
Consistent patterns of prevalence between the groups also emerge for several of the domains of self-regulatory delay. For example, in the areas of orientation-attending, self-soothing, sleep, and behavior, children with autism exhibit much higher prevalence of delay than do typically developing children. This pattern is not as strong in the areas of appetite-digestion and toileting. Table 3 presents data on the percentage of children experiencing abnormal sensory responses and the areas of the body impacted by abnormal tactile response. These data represent the percent of children scoring at the mean plus one standard deviation of typically developing children in the study. Results are shown both for children with differing levels of severity of autism and for typically developing children. As can be seen here, children with differing levels of severity of autism experience higher levels of abnormal sensory response than do typically developing children, and children with severe autism experience higher levels of abnormal sensory response than do children with moderate or mild autism (except for smell).
2 analyses were conducted on the four sensory domains and the number of domains affected. All tests between the three levels of autism presented here and typically developing children were significant at the .0001 level.
2 values ranged from 187.9 for oral-tactile domain to 26.8 for smell (with 3 d.f.). Total number of senses affected was significant as well with 2 = 190.9 (d.f. = 12). Parallel analyses were conducted on the areas of the body experiencing abnormal tactile response. Results were similar. All of the tests comparing children with differing levels of severity of autism to typically developing children were significant, with 2 values ranging from 171.6 for the mouth to 24.9 for the skin. The number of areas of the body affected was also significant with 2 value of 251.8 (d.f. = 21). These results with a larger population and redesigned ATSC confirm previous reports that children with autism are distinguished by mixed pain and numbness of multiple areas of skin as well as global delay of early self-regulation milestones.
Reliability.
Both internal consistency and test-retest estimates of reliability were calculated. We calculated internal consistency estimates (Cronbach's alpha) for the oraltactile, orientation-attention, self-regulation, and other sensory domains and constipation and overall scores and a composite of face-mouth and orientation-attention. These results are shown in Table 4 . Overall scale estimates were .873 for children with ASD and .899 for typically developing children. In the oral-tactile domain estimates of internal consistency were .708 for ASD and .791 for typically developing children. For the self-regulation domain, estimates were .769 for ASD and .794 for typically developing children. Subdomain scores demonstrated varying levels of internal consistency. The internal consistency of the composite for face-mouth and orientation-attention (a suggested set of items for screening purposes) is .764 for ASD and .763 for typically developing children.
Test-retest stability was estimated from a subsample of children in control group condition over a four-month time interval. Coefficients ranged from .763 for self-regulation to .806 for oral-tactile to .826 for the overall scale.
Discriminating between Populations.
To test for the ability of the ATSC to discriminate between populations both MANOVA and ROC curve analyses were conducted. Table 5 contains the post hoc MANOVA results comparing children with autism and typically developing children. MANOVA results indicate that overall population means are ROC curve analysis was conducted to determine the sensitivity and specificity of the ATSC in accurately identifying children with autism. For the primary checklist of 47 items (oral-tactile, orientation-attention plus self-regulation) the area under the curve (AUC) is .961. A score of 49 produces sensitivity of 91.0 and specificity of 84.9. Oral-tactile scores (17 items) have an AUC of .935. A score of 17 produces sensitivity of 91.0 and specificity of 82.9. Orientation-attention scores (7 items) have an AUC of .933. A score of 7 produces sensitivity of 86.4 and specificity of 85.6. All of these are adequate to screen for autism, but require large numbers of items. Combining face-mouth and orientation-attention (12 items) produces an AUC of .953 and with a score of 13 produce sensitivity of .910 and specificity of .847. This combination of items powerfully and efficiently distinguishes between children with autism and typically developing children. The ATSC clearly distinguishes children with autism from typically developing children across all domains.
Discriminating between Levels of Autism.
Parallel analyses were conducted comparing two levels of autism: severe and mild as determined by a composite of scores. ROC curve analysis was conducted to determine the sensitivity and specificity of the ATSC in accurately distinguishing between children with severe autism and those with mild autism. For the primary checklist of 47 items (oral-tactile, orientation-attention plus self-regulation) the area under the curve (AUC) is .918. A score of 76 produces sensitivity of 93.0 and specificity of 81.6. Both the total scale (59 items) and the composite of face-mouth and orientationattention provide adequate sensitivity and specificity. Other domains do not. The overall scale has AUC of .908. A score of 90 produces sensitivity of 90.7 and specificity of 81.6. Combining face-mouth and orientation-attention (12 items) produces AUC of .884 and, with a score of 23, produces a sensitivity of 81.4 and specificity of 81.6. This combination of items provides an adequate and efficient screening tool to distinguish between children with autism and typically developing children. The ATSC is also able to distinguish between children with severe and mild autism.
Discussion
This study introduces clinicians to the Autism Touch and SelfRegulation Checklist and demonstrates that it is a reliable instrument with which to screen and manage tactile abnormalities in children with autism. The checklist assesses signs of peripheral tactile impairment by location and severity and has the additional benefit of confirming severity by measuring developmental impacts on early self-regulation. Existing sensory questionnaires are based on a sensory processing disorder model that does not distinguish between central and peripheral etiology of tactile symptoms [3, 4] . A central etiology for sensory problems cannot account for the high prevalence of tactile than other sensory abnormalities, the varying prevalence of tactile abnormalities on different areas of skin, or the findings of mixed pain and numbness reported in children with autism. In contrast, these are typical presenting signs of peripheral tactile impairment due to small fiber neuropathy [21, 22] .
